Recent work suggests that a dose of 200-400 mg caffeine can enhance both vigilance and the executive control of visual attention in individuals with low caffeine consumption profiles. The present study seeks to determine whether individuals with relatively high caffeine consumption profiles would show similar advantages. To this end, we examined the effects of four caffeine doses (0 mg, 100 mg, 200 mg, 400 mg) on low-and high-level visual attention in individuals with high consumption profiles (n = 36), in a double-blind study using a repeated measures design. Results from the Attention Network Test indicated that caffeine enhanced both vigilance and the executive control of visual attention, but only at the highest administered dose (400 mg). We demonstrate that in habitual consumers high doses of caffeine can produce beneficial changes in visual attention. These results carry implications for the theorized interactions between caffeine, adenosine and dopamine in brain regions mediating visual attention.
Introduction
Caffeine (1,3,7-trimethylxanthine) is the most commonly consumed psychoactive stimulant in the world, and is often found to enhance human vigilance and mental alertness (Lieberman, 2001; Nehlig, Daval, & Debry, 1992; Smith, 2002; Snel, Lorist, & Tieges, 2004) . For instance, individuals are able to sustain visual vigilance for extended periods following caffeine consumption (Frewer & Lader, 1991; Lieberman, Wurtman, Emde, Roberts, & Coviella, 1987; Mitchell & Redman, 1992) , and also show dosedependent performance improvements in accuracy and speeded responses on simple and choice reaction time tasks (Kenemans & Lorist, 1995; Lieberman, Tharion, Shukitt-Hale, Speckman, & Tulley, 2002; Wesensten, Killgore, & Balkin, 2005) . Caffeine has also been implicated in the enhancement of certain higher-order cognitive processes, such as those involved in the active monitoring and coordination of behavior. For instance, caffeine can reduce response time costs during task switching (Tieges, Snel, Kok, Plat, & Ridderinkhof, 2007; Tieges et al., 2006) , enhance response inhibition (Barry et al., 2007) , and reduce interference costs during the Stroop color-word, flanker, and other selective visual attention tasks (Brunyé, Mahoney, Lieberman, & Taylor, 2010; Kenemans, Weileman, Zeegers, & Verbaten, 1999; Lorist, Snel, Kok, & Mulder, 1996) . The effects of caffeine on such higher-order tasks, however, are somewhat equivocal; indeed some other recent work suggests that caffeine does not affect selective visual attention (Kenemans & Verbaten, 1998; Lorist & Snel, 1997) There are many methodological differences between these studies that may account for the discrepant findings. First, studies finding no effect of caffeine on higher-order tasks (e.g., Kenemans & Verbaten, 1998; Lorist & Snel, 1997; Tieges et al., 2009 ) typically use a 3 mg/kg dose (approx. 200 mg) of caffeine in individuals with high caffeine consumption profiles. However, the effective dosage to elicit changes in higher-order cognitive processes may be greater in individuals who habitually consume 2-4 cups of coffee (170-340 mg caffeine) per day (Juliano & Griffiths, 2004; Kenemans et al., 1999) . Indeed chronic caffeine consumption increases the number of adenosine receptors in the brain, suggesting that higher caffeine doses may be necessary to achieve substantial dopamine increases in high consumers (Daval, von Lubitz, Deckert, Redmond, & Marangos, 1989; Fastbom, Post, & Fredholm, 1990; Varani et al., 1999) . Second, caffeine effects tend to be greatest on highly practiced tasks (Loke, 1992) , and thus some null effects may be partially attributed to the lack of a substantial practice session (Kenemans & Verbaten, 1998; Lorist & Snel, 1997) . The present study accounts for these methodological issues in two ways. First, we use a more comprehensive dose-response design with four 0278-2626/$ -see front matter Published by Elsevier Inc. doi:10.1016/j.bandc.2010.07.006
